In the transition radiation emission from a N electron bunch hitting at a normal angle of incidence a metallic screen, the transverse and the longitudinal spatial coordinates of the electron bunch play different roles in determining the N single electron radiation field amplitudes and their relative phases in relation to the different physical constraints which an electromagnetic radiative mechanism by a charged beam must meet: i.e., temporal causality and covariance. The distribution of the N electron longitudinal coordinates determines indeed the sequence of the N electron collisions onto the metallic screen and, on the basis of the temporal causality principle, it also determines the distribution function of the relative emission phases of the N single electron field amplitudes from the metallic surface. The distribution of the transverse coordinates of the N electrons contributes as well to determine the relative phase distribution of the N electron field amplitudes at the observation point -located on the longitudinal axis of the reference frameproviding a further phase information that accounts for the transverse displacement of the N electrons with respect to the beam axis. The distribution of the transverse coordinates of the N electrons is a relativistic invariant under a Lorentz transformation with respect to the direction of motion of the beam and, consequently, it is expected to leave a covariant mark on the N single electron amplitudes composing the radiation field. The covariant imprinting of the N electron transverse density on the radiation field affects both the temporal coherent and incoherent parts of the transition radiation Email address: gianluca.orlandi@psi.ch (Gian Luca Orlandi)
Introduction

1
A relativistic charge crossing a dielectric interface in a rectilinear and uni-2 form motion can originate a highly directional and broad wavelength band radiation is a precious tool in the beam diagnostics of a particle accelerator.
8
In the vacuum chamber of a particle accelerator the relativistic charged beam 9 can be indeed intercepted by a movable thin metallic screen and the resulting 10 light pulse can be imaged by a CCD-camera (Charge-Coupled-Device), for 
43
In the case of an electron beam at a normal angle of incidence onto a 44 metallic screen with arbitrary size and shape, it can be demonstrated that 45 a covariant and temporal causal formulation of the transition radiation en-46 ergy spectrum of an electron beam necessarily implies, even at a very short wavelength, a dependence of the radiation spectral intensity on the distri-48 bution function of the particle density in the transverse plane [10] . In fact, in an implicit form in [10] in the most general case of a radiator surface with 68 an arbitrary size and shape, will be here rendered into an explicit form in the the metallic screen reads, see [10, 11, 12, 13, 14, 15, 16] ,
where, under the far-field approximation [7, 9, 17], the single electron con-106 tribution to the radiation field can be calculated in the most general case of 107 a radiator surface S with an arbitrary shape and size (either infinite S = ∞ 108 or finite S < ∞) as follows [10, 11, 12, 13, 14, 15, 16] :
In previous Equation, k = ω/c = 2π/λ is the wave number, κ = (k x , k y ) = see also [10] :
where H µ,j = H x,y ( κ, ω, ρ 0j ) with µ = x, y, as defined in Eq.(2).
117
The formal expression of the radiation field and of the radiation energy (1,2,3) -the reader is addressed to [10] .
131
For the sake of ease, in order to proceed with the formal explicit derivation 132 of the transition radiation energy spectrum in the case of a round radiator 133 with a radius R, a polar angle representation is considered for the following
where 
and
where Eqs.(5,6,7) follows from Eq.(4) and from formulas 6.566(2), 6.521(4), 
where κ = (κ x , κ y ) = k sin θ(cos φ, sin φ) is the transverse component of the , (11) which, in the far-field approximation, represents the radiation field of a single surface with a finite radius R can be obtained
where
is the single electron radiation energy spectrum already defined 182 in Eq. (10) and
the approximation in Eq.(13) being valid for most of the experimental sit-uations where diffractive modifications of the spectral distribution of the 185 radiated energy due to the finite size of the screen can be neglected.
186
In the formula of the transition radiation energy spectrum of a N electron 
